Hantaviruses belong to the family Bunyaviridae and are maintained in wild rodents. Although Vero E6 cells, which originate from African green monkey kidney, are used widely in hantavirus research, isolation of hantaviruses from this cell line is difficult. To develop an efficient method of propagation and isolation of hantaviruses we established a novel cell line, MRK101, derived from the kidney of the grey red-backed vole (Myodes rufocanus bedfordiae), the natural host of Hokkaido virus (HOKV). The MRK101 cells showed a significantly higher susceptibility to Puumala virus (PUUV) hosted by Myodes glareolus than Vero E6 cells. Viral nucleocapsid protein in PUUV-infected MRK101 cells was detected earlier than in Vero E6 cells, and the viral titre in the culture fluid of MRK101 cells was higher than that of Vero E6 cells during the early phase of infection. In contrast, MRK101 cells showed no susceptibility to Hantaan virus. HOKV, which has not been isolated to date, was isolated successfully using MRK101 cells. Moreover, the newly isolated HOKV was successfully propagated in MRK101, but not Vero E6, cells. Phylogenic analyses of the S (small), M (medium) and L (large) segment sequences revealed that HOKV is related most closely to PUUV, but is distinct from other hantaviruses. These data suggest that the MRK101 cell line is a useful tool for the isolation and propagation of hantaviruses. Moreover, this is (to our knowledge) the first report of hantavirus isolation in a cell line that originated from the natural host.
INTRODUCTION
Hantaviruses, members of the family Bunyaviridae, have a tri-segmented, negative-stranded RNA genome consisting of small (S), medium (M) and large (L) segments (Plyusnin et al., 1996) , which encode nucleocapsid (N) proteins, envelope glycoproteins (Gn and Gc) and an RNA-dependent RNA polymerase (RdRP), respectively (Plyusnin et al., 1996) . Each hantavirus is carried by a specific species in the orders Rodentia and Soricomorpha. For example, Hantaan virus (HTNV), Seoul virus (SEOV), Amur virus (AMRV) and Puumala virus (PUUV) are carried by the striped field mouse (Apodemus agrarius), Norway rat (Rattus norvegicus), Korean field mouse (Apodemus peninsulae) and bank vole (Myodes glareolus), respectively (Jonsson et al., 2010) . In general, hantaviruses are believed to infect persistently, and are apathogenic to their reservoir hosts (Gavrilovskaya et al., 1990; Yanagihara et al., 1985) . In contrast, hantaviruses when transmitted to humans cause two severe disease syndromes: haemorrhagic fever with renal syndrome (HFRS) and hantavirus cardiopulmonary syndrome (HCPS). HTNV, SEOV, AMRV, Dobrava-Belgrade virus, Saaremaa virus and PUUV have been identified as aetiological agents of HFRS. Sin Nombre virus (SNV), Laguna Negra virus and Andes virus (ANDV) are considered to be the major pathogens associated with HCPS (Bi et al., 2008; Jonsson et al., 2010) .
Hokkaido virus (HOKV) is a hantavirus that is maintained in grey red-backed voles (Myodes rufocanus bedfordiae), which are distributed geographically in the northern Palaearctic, extending from northern Fennoscandia through northern Russia and the northern part of Asia (Sheftel & Henttonen, 2008) . Although HOKV is related serologically to PUUV, these viruses are distinct genetically (Kariwa et al., 1999) . No human disease cases have been reported in association with HOKV. Although HOKV was first identified in 1995 (Kariwa et al., 1995) , little is known about its characteristics due to the inability to isolate this virus.
Several cell-culture systems for the study of hantavirus infection have been reported to date (Ohsawa et al., 1995; Pensiero et al., 1992; Raftery et al., 2002; Yanagihara & Silverman, 1990; Yanagihara et al., 1984) . Since it is derived from African green monkey kidney, exhibits a functional type III interferon response but not type I interferon response (Prescott et al., 2010; Stoltz & Klingström, 2010) , and is susceptible to hantaviruses, the Vero E6 cell line is used widely in hantavirus research, particularly for their isolation and propagation. However, hantaviruses do not grow well even in Vero E6 cells, and isolation is not always successful . Therefore, generation of a novel cell line that shows a greater susceptibility to hantaviruses, and from which hantavirus could be isolated easily, is required.
Hantaviruses are known to be associated strongly with their specific rodent hosts (Jonsson et al., 2010) . In a previous report, primary kidney cells derived from the bank vole showed a high susceptibility to PUUV (Temonen et al., 1993) . Recently, cell lines derived from the bank vole were established and showed PUUV susceptibility (Essbauer et al., 2011; Stoltz et al., 2011) . These data suggest that any given hantavirus may propagate efficiently in cells derived from its natural host. Herein, we describe the establishment of a novel cell line derived from a wild rodent species that is a natural host of hantavirus and the isolation of a hantavirus using this cell line.
RESULTS

Cell line derived from the grey red-backed vole
Primary cells derived from the kidney of the grey red-backed vole (M. rufocanus bedfordiae), the natural host of HOKV, were cultured in a flask at 37 u C in a 5 % CO 2 incubator, and the first subculture was performed after 10 days incubation. From the seventh passage, growth stabilized and the cells were then subcultured continuously with a split rate of 1 : 3 every 3-5 days. After cloning twice by limiting dilution, the cells were designated the MRK101 cell line. MRK101 cells exhibited a cobblestone morphology, which is typical of epithelial cells (Fig. 1a ). The MRK cells had a doubling time of 34.7 h, and their growth plateaued by contact inhibition around 5 days after seeding (Fig. 1b) . The morphological and growth characteristics of MRK101 cells did not change during the subsequent~100 passages. The characteristics of the cells were maintained after freezing and thawing. Tests for contamination with HOKV, lymphocytic choriomeningitis virus (LCMV) and mycoplasma were negative. No micro-organisms (i.e. bacteria, fungi and yeasts) were detected, and no cytopathic effect was observed.
To confirm the origin of the MRK101 cell line, the mitochondrial cytochrome b (cytb) gene was sequenced. The cytb sequence of MRK101 cells was highly similar (.99 %) to those of grey red-backed voles from Hokkaido, Japan (e.g. GenBank accession no. AB031560).
Susceptibility of MRK101 cells to hantaviruses
To investigate the susceptibility of MRK101 cells to hantaviruses, both MRK101 and Vero E6 cells, which are commonly used for hantavirus research, were infected with an identical infectious dose of various hantaviruses. The focus number of PUUV strains in MRK101 cells was about three times greater than those in Vero E6 cells, with the exception of the DTK/Ufa-97 strain (Fig. 2) . The infectivity of the PUUV DTK/Ufa-97 strain and SEOV in MRK101 cells was identical to that in Vero E6 cells. In contrast, the susceptibility of MRK101 cells to AMRV infection was notably lower than that of Vero E6 cells. The number of AMRV foci in MRK101 cells was approximately onetwentieth of that in Vero E6 cells. No HTNV foci were observed in MRK101 cells.
Replication of hantaviruses in the MRK101 cell line
To assess the propagation of hantaviruses in MRK101 and Vero E6 cells, we evaluated the expression of hantavirus N protein in infected cells by Western blotting and determined the viral titre in culture fluid using a focusforming assay. Viral N protein in MRK101 cells infected with the PUUV Sotkamo strain was initially detected at 5 days post-inoculation (p.i.) ( Fig. 3a) . In contrast, no PUUV antigens were detected in infected Vero E6 cells during the experimental period. Viral titres in the culture fluid of MRK101 cells were higher than that in Vero E6 cell culture fluid during the early phase of infection ( Fig. 3b ). At 14 days p.i., the viral titre of MRK101 cell fluid was similar to that of Vero E6 cell culture fluid. The PUUV Samara_94/ CG/2005 strain showed a tendency identical to that of the PUUV Sotkamo strain ( Fig. 3c, d ); viral antigens in infected MRK101 cells were detected from 5 days p.i. Viral N proteins were detected in infected Vero E6 cells beginning at 10 days p.i. Viral N proteins were detected from 5 days p.i. in the culture fluid of Vero E6 cells infected with the HTNV 76-118 strain (Fig. 3e ). Viral titres in the culture fluid of infected Vero E6 cells increased over time and peaked at 7 days p.i. (Fig. 3f ). In contrast, neither viral antigens nor culture-fluid virus were detected in MRK101 cells infected with HTNV. In contrast to HTNV, the propagation of the SEOV SR-11 strain in MRK101 and Vero E6 cells were similar ( Fig. 3g, h ). Viral N proteins in both MRK101 and Vero E6 cells were detected from 5 and 7 days p.i., respectively. Viral titres in the culture fluid of both MRK101 and Vero E6 cells increased gradually and plateaued at 7 days p.i. The peak titre of culture fluid of MRK101 cells was slightly lower than that of Vero E6 cells.
Isolation of HOKV using MRK101 cells
Since MRK101 cells showed a high susceptibility to PUUV, we attempted to isolate HOKV using MRK101 cells. RT-PCR-positive lung homogenates from grey red-backed voles trapped in 2008 were inoculated into suckling Syrian hamsters for propagation of HOKV. At 15 days p.i., the lungs and kidneys of inoculated hamsters were collected and used to inoculate MRK101 and Vero E6 cells. The hantaviral genome and characteristic intracytoplasmic granular fluorescence were detected in MRK101 cells beginning at 14 days p.i. (Fig. 4a, b) . Infectious virus was recovered from MRK101 cells and designated Kitahiyama128/2008 (Kitahiyama128) . In contrast, virus isolation using Vero E6 cells was unsuccessful. Although viral genome was detected beginning at 14 days p.i. (Fig. 4a ) and continuously detected until 84 days p.i., no virus-specific intracytoplasmic fluorescence or infectious virus was detected in Vero E6 cells until 112 days p.i.
Growth of HOKV in MRK101 cells
To assess the growth of HOKV, the HOKV Kitahiyama128 strain was inoculated into MRK101 and Vero E6 cells, and the expression of the viral N protein and the titres of progeny virus were determined. In MRK101 cells, the expression of N protein was confirmed at 14 days p.i. (Fig. 5a ). The level of progeny virus increased gradually until 14 days p.i. (Fig. 5b ). No cytopathic effect was observed in HOKV-infected MRK101 cells. In contrast, propagation of HOKV in Vero E6 cells was unsuccessful; expression of neither N protein nor infectious virus was detected ( Fig. 5a, b ).
Genetic analysis of HOKV
The full-length sequences of the S, M and L segments of the HOKV Kitahiyama128 strain were determined. The fulllength S segment was 1832 nt with 42 nt 59 and 488 nt 39 non-coding regions and was found to encode an N protein of 433 aa. The S segment sequence of this isolated HOKV was almost identical to previously reported HOKVs (97-98.7 % nucleotide and 99.8-100 % amino acid identity) (Table 1) . HOKV was the most closely related to PUUV (81.9-83.8 % nucleotide and 94.7-95.8 % amino acid identity). The complete sequence of the HOKV M segment was determined to be 3682 nt with 40 nt 59 and 195 nt 39 non-coding regions, and was found to encode a precursor glycoprotein of 1148 aa. The pentapeptide motif (WAASA) previously identified as the cleavage site of the glycoprotein precursor was conserved at aa 654-658. The HOKV glycoprotein contains five potential N-glycosylation sites, three of which are in Gn (aa 142, 357 and 409), and two are in Gc (aa 898 and 937). Of the hantavirus genome segments, the nucleotide sequence of the M segment showed the greatest variation. In terms of the M segment sequence, the most closely related virus to HOKV was PUUV, with nucleotide and amino acid identities of 78.1-79.9 % and 90.6-91.6 %, respectively. The full-length L segment comprised 6547 nt with 37 nt 59 and 43 nt 39 non-coding regions, and was found to code for an RdRP of 2156 aa. The pattern of genetic identities of the L segment between HOKV and other hantaviruses was similar to those of the S segment. Phylogenetic analysis based on the nucleotide sequence of the coding region of the S (Fig. 6a ), M ( Fig. 6b ) and L ( Fig. 6c ) segments supported the close relationship between HOKV and PUUV. However, it also indicated that HOKV is located on a separate branch from PUUV. The topologies of the phylogenetic trees for the S, M and L segment sequences of HOKV were near-identical, suggesting that all three HOKV segments have a similar evolutionary history during which no heterologous reassortment occurred.
DISCUSSION
Hantaviruses are emerging pathogens, some of which cause life-threatening infections. Vero E6 cells have been used for hantavirus research for many years because of their susceptibility to these viruses, but propagation of some hantaviruses in this cell line is problematic. Therefore, several hantaviruses have not yet been isolated and only a limited number have been characterized. The purpose of this study was to establish a cell line for the in vitro study of hantaviruses, particularly their isolation and propagation. In previous research, primary kidney cells derived from bank voles, the natural host of PUUV, showed a high susceptibility to PUUV (Temonen et al., 1993) , suggesting that hantaviruses propagate well in cells derived from the natural host of the virus. Herein, we established a cell line, MRK101, derived from the kidney of the grey red-backed vole (the natural host of HOKV), and demonstrated its susceptibility to hantaviruses. Using this cell line, HOKV was isolated successfully.
In the present study, MRK101 cells derived from the Myodes rodent showed a high susceptibility to PUUV, a Myodesborne hantavirus, moderate susceptibility to SEOV, a Rattus-borne hantavirus, and low or no susceptibility to AMRV and HTNV, Apodemus-borne hantaviruses. These data suggest that the susceptibility level is associated with the host species of each hantavirus. In a previous in vivo study, the susceptibility of animals to hantaviruses correlated well with the genetic relationships of the natural reservoirs (Klingström et al., 2002) , which is consistent with our findings. Other rodents, such as members of the genus Microtus and the subfamily Sigmodontinae, are genetically closer to Myodes rodents than rodents in the subfamily Murinae such as Apodemus and Rattus species (Vapalahti et al., 1999) . Therefore, MRK101 cells may be susceptible to Microtus-borne hantaviruses such as Tula virus (TULV) and Prospect Hill virus (PHV) and New World hantaviruses such as SNV and ANDV. Further study of the susceptibility of MRK101 cells is needed.
The factors that determine hantavirus propagation in cell culture remain unknown. One possibility is an interaction between host and viral proteins. To date, various host proteins have been reported to be associated with viral proteins in the hantavirus life cycle. Integrins are considered to be the receptors for the viral glycoprotein, allowing entry into the cell (Gavrilovskaya et al., 1998 (Gavrilovskaya et al., , 1999 . The GPI (glycosylphosphatidylinositol)-anchored protein decay-accelerating factor (DAF)/CD55, the gC1qR/p32 protein, and various other cellular proteins have also been shown to mediate hantavirus infection (Choi et al., 2008; Kim et al., 2002; Krautkrämer & Zeier, 2008; Mou et al., 2006) . In addition, various cellular proteins, such as the ribosomal S19 protein and Daxx, have been reported to interact with the hantavirus N protein (Haque & Mir, 2010; Lee et al., 2003; Li et al., 2002; Maeda et al., 2003) . Variation in these host proteins among species may affect their interaction with viral proteins, resulting in the observed different propagation patterns. The Vero E6 cell line-adaptation of hantaviruses may also affect their propagation in cell culture. Hantaviruses used in this study, with the exception of HOKV, were isolated and cultured in Vero E6 cells and are considered to be adapted to this cell line. Since Vero E6 cells are IFN-a/b-deficient and are derived from the African green monkey, adaptation to Vero E6 cells has the potential to affect virus properties. Indeed, a previous study showed that full adaptation of PUUV to Vero E6 cells reduced its ability to infect its natural host compared with the parental wild-type virus (Lundkvist et al., 1997) . Adaptation to Vero E6 cells may affect the infectivity of hantaviruses to host rodent cells. To evaluate the effect of adaptation to Vero E6 cells, comparative analysis of the characteristics of hantaviruses isolated in Vero E6 cells and those isolated in MRK101 cells or other host cells is required. A study that aims to clarify whether adaptive mutation of hantavirus occurs in MRK101 cells is now in progress.
Since its identification in 1995, we have attempted to isolate HOKV using Vero E6 cells, but all efforts were unsuccessful (Kariwa et al., 1995) . In this study, we successfully isolated HOKV using MRK101 cells. Since almost all hantaviruses were isolated using Vero E6 cells, this is to our knowledge the first report of hantavirus isolation from a cell line derived from the natural host of the virus. Although numerous hantaviruses have been identified, many were detected only by the presence of the genome and have not yet been isolated (Arai et al., 2008; Song et al., 2007) . Use of MRK101 cells or other cell lines derived from the natural host will probably facilitate hantavirus isolation. Notably, HOKV was successfully propagated in MRK101 but not Vero E6 cells. These results are consistent with the failure of HOKV isolation in Vero E6 cells. Our results indicate that some hantaviruses may intrinsically propagate in Vero E6 cells or are more likely to adapt to Vero E6 cells, e.g. HTNV, PUUV and SEOV. However, other hantaviruses are less likely to adapt to Vero E6 cells, e.g. HOKV. At present, the reason for the inability of HOKV to propagate in Vero E6 cells is not known, but clarification of this issue would represent useful information regarding cell adaptation, cell tropism and host specificity.
Of the hantaviruses associated with the subfamily Arvicolinae (voles and lemmings), including HOKV, PUUV, TULV and PHV, only PUUV has been reported to be associated with human disease (Kariwa et al., 2007) . The factors that determine the pathogenesis of PUUV to humans are of great interest. Phylogenetic analyses of the S, M and L segment sequences indicate that HOKV is most closely related to PUUV, in conjunction with which it has diverged from a common ancestral node. A 5-10 % amino acid difference and a~20 % nucleotide difference exist between HOKV and PUUV. Although further studies are needed to ascertain whether HOKV causes human disease, some changes that determine pathogenicity to humans may be contained in the amino acid sequence differences between PUUV and HOKV.
Grey red-backed voles are known to be the natural hosts of several viruses, including HOKV, tick-borne encephalitis virus (TBEV) and Ljungan virus (LV) (Niklasson et al., 2006; Yoshii et al., 2011) . We confirmed that MRK101 cells were susceptible to TBEV infection (data not shown). Other researchers have demonstrated that cell lines derived from the bank vole are susceptible to various viruses, such as TBEV, LV and cowpox virus (Essbauer et al., 2011; Stoltz et al., 2011) . Therefore, this cell line may facilitate the isolation and propagation of other Myodes-borne viruses.
In conclusion, MRK101 cells may be a useful tool for studies of hantavirus infection in vitro. This is to our knowledge the first report of hantavirus isolation using a cell line that originated from the natural host. MRK101 cells and HOKV will probably contribute to elucidating the mechanisms of hantavirus replication, host specificity, pathogenesis and persistent infection in wild rodents.
METHODS
Rodent capture. Grey red-backed voles were captured in the towns of Kitahiyama in November 2008, and Tobetsu in September 2010, in Hokkaido, Japan. Lungs, kidneys and serum were collected. Tissues collected in Kitahiyama were used for isolating HOKV and those collected in Tobetsu were used for preparing the cell line.
Cell cultures and viruses. Kidney tissue was collected from an adult female grey red-backed vole captured in 2010. The sample was minced and digested with 0.167 % trypsin (Becton Dickinson) at 37 uC for 1 h. Collected cells were centrifuged at 200 g for 4 min and resuspended in Dulbecco's modified Eagle's medium (DMEM, with 4.5 g l 21 glucose; Gibco), supplemented with 10 % FBS (MP Biomedicals), 100 IU penicillin ml 21 and 100 mg streptomycin ml 21 (both from Wako). The cell suspension was seeded in a 25 cm 2 flask and incubated at 37 uC in a 5 % CO 2 atmosphere. The cells were subcultured immediately prior to confluence. Cloning of cells was performed by the limiting dilution method. Briefly, the cells were trypsinized, dispersed well, diluted to the concentration of 5 cells ml -1 , and seeded into 96-well plates (0.5 cell per well). After 24 h incubation, the wells containing one cell were selected. The cells from the selected wells were cloned again and subcultured. One of the established clones was successfully cultured over 100 serial passages. The newly established cell line was designated 'MRK101' (Myodes rufocanus kidney).
Contamination with mycoplasma was tested by PCR using universal primers (TaKaRa PCR Mycoplasma Detection Set; Takara Bio) and by DAPI staining. Contamination with hantavirus and lymphocytic choriomeningitis virus (LCMV) were investigated by PCR and an indirect immunofluorescence antibody test (IFA), respectively, as described previously (Ike et al., 2007) .
Vero E6 (African green monkey kidney) cells were cultivated in Eagle's minimum essential medium (EMEM; Gibco) supplemented with 10 % FBS, 100 IU penicillin ml 21 and 100 mg streptomycin ml 21 at 37 uC in a 5 % CO 2 incubator.
Virus stocks of HTNV 76-118 (Lee et al., 1978) , SEOV SR-11 (Kitamura et al., 1983) , AMRV H5 (Lokugamage et al., 2004) , PUUV Sotkamo (Vapalahti et al., 1992) , Samara_49/CG/2005, Samara_94/ CG/2005 DTK/Ufa-97 (Abu Daude et al., 2008) were propagated in Vero E6 cells. The culture fluid was collected as virus stock and stored at 280 uC until use.
Growth curve of MRK101 cells. Approximately 1.0610 5 MRK101 cells were seeded into wells of a six-well plate, collected at 24 h intervals for 7 days by treatment with 0.167 % trypsin, and counted after staining with 0.2 % Trypan blue (Gibco). The doubling time was calculated from the growth curve.
Mitochondrial DNA (mtDNA) analysis. The mtDNA of MRK101 cells was extracted using the mtDNA extractor CT kit (Wako). Amplification and sequencing of the cytochrome b (cytb) gene was performed with universal primers (L14724 and H15915) (Irwin et al., 1991) . The GenBank accession no. for the cytb gene sequence of MRK101 cells is AB712373.
Focus-forming assay. Virus titres in culture fluid were determined with a focus-forming assay. The culture fluid of hantavirus-infected cells was serially diluted in DMEM and then inoculated onto confluent MRK101 or Vero E6 cells grown in 96-well plates. After 1 h of incubation at 37 uC, the mixture was removed and the cells were overlaid with EMEM containing 1.5 % carboxymethyl cellulose (Wako). After incubation at 37 uC for 6 days, the overlay medium was removed and the cells were washed with PBS. The cells were then fixed with methanol for 15 min at room temperature. The viral foci of PUUV and HOKV were stained with PUUV-infected hamster serum (1 : 200) and Alexa Fluor 488-conjugated antihamster IgG (1 : 1000; Invitrogen). The viral foci of HTNV, SEOV and AMRV were stained with the mouse mAb E5/G6 (0.5 mg ml 21 ) (Yoshimatsu et al., 1996) and an Alexa Fluor 555-conjugated antimouse IgG (1 : 1000; Invitrogen). Stained foci were counted under a fluorescence microscope.
Analysis of hantavirus propagation in MRK101 cells and Vero
E6 cells. Approximately 1.0610 6 MRK101 and Vero E6 cells grown in wells of a six-well plate were infected with the PUUV Sotkamo strain, Samara_94/CG/2005 strain, HTNV 76-118 strain, SEOV SR-11 strain, or HOKV Kitahiyama128 strain at 0.001 m.o.i.. Culture fluids and infected cells were collected at 1, 3, 5, 7, 10 and 14 days p.i. The culture medium was changed at 7 days p.i. The collected fluids were subjected to focus-forming assays, and the presence of viral antigens in infected cells was evaluated by Western blotting.
Western blot analysis. Infected cells were diluted in SDS sample buffer, subjected to SDS-PAGE, and then transferred to a PVDF membrane. The membrane was blocked with Block Ace (Dai Nippon Pharmaceutical) at 37 uC for 1 h. The antibody reaction was performed overnight at 4 uC with the mouse mAb E5/G6 to the viral N protein (0.5 mg ml 21 ) (Yoshimatsu et al., 1996) . After washing, the membrane was incubated with a 1 : 5000 dilution of peroxidaseconjugated anti-mouse IgG (Zymed) at 37 uC for 1 h. Protein detection was performed using ECL Detection Reagents (GE Healthcare). A peroxidase-conjugated anti-glyceraldehyde 3-phosphate dehydrogenase (GAPDH) antibody (Santa Cruz Biotechnology) was used to detect GAPDH as a loading control.
Virus isolation. Virus isolation was performed using a modified version of a method described previously . Briefly, lung tissues from an HOKV-infected grey red-backed vole were inoculated into suckling Syrian hamsters intracerebrally. At 15 days p.i., lung and kidney samples were collected from the inoculated animals. The supernatants of lung and kidney homogenates were inoculated into MRK or Vero E6 cells. Medium was changed every week and cells were subcultured at 14 day intervals. At subculture, a proportion of cells were collected and the hantavirus genome was detected by RT-PCR. Hantaviral antigens were detected using an IFA. Supernatants were also collected and the presence of infectious virus evaluated with a focus-forming assay.
RT-PCR. Total RNA was extracted from HOKV-infected cells using ISOGEN (Nippon Gene) and reverse-transcribed using SuperScript II reverse transcriptase (Invitrogen) with random primers (Invitrogen), according to the manufacturer's protocol. Partial S genome segments were amplified using the forward primer HokkaidoS172Fw (59-CTGCAAGCACGGCAACAAACAGTGTCAGCA-39), the reverse primer HokkaidoS894Rv (59-GTCGGGGACATGATTCTTATCAAGCA-CATC-39), and the Platinum Taq DNA Polymerase High Fidelity (Invitrogen) for virus RNA detection.
IFA. HOKV-infected cells were collected by trypsinization and spotted onto 24-well slides. After incubation for 4 h, the cells were fixed with cold acetone for 20 min and air-dried. Hamster sera infected with PUUV Sotkamo strain were diluted to 1 : 32 and spotted onto the slide. After incubation at 37 uC for 1 h, the slides were washed three times with PBS. Alexa Fluor 488-conjugated antihamster IgG (Invitrogen) diluted 1 : 1000 was spotted on the slides and incubated at 37 uC for 1 h. Scattered granular fluorescence in the cytoplasm was considered a positive reaction. Nuclei were also stained with SlowFade Gold antifade reagent with DAPI (Invitrogen).
Sequencing of the hantavirus genome segments and phylogenetic analysis. The S, M and L segments of the newly isolated HOKV strain were amplified using specific primers. The amplified PCR products were purified using the Wizard SV Gel and PCR Clean-Up System (Promega) and then sequenced directly using the BigDye Terminator v3.1 Cycle Sequencing kit and ABI 3130 Genetic Analyzer (Applied Biosystems), according to the manufacturer's instructions. The S, M and L segment sequences of the isolated HOKV strain Kitahiyama128 were deposited in GenBank under accession numbers AB675463, AB676848 and AB712372, respectively.
The genomic sequences from the isolated HOKV and those of other hantaviruses were aligned and compared using CLUSTAL W, and phylogenetic analyses were conducted using MEGA5 (Tamura et al., 2011) . Phylogenetic trees were generated based on the maximumlikelihood method with 1000 bootstrap replicates.
